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A parental history (PH) of coronary heart disease (CHD) is consistently associated with a higher risk of the development of CHD in several studies (1) (2) (3) (4) (5) (6) (7) (8) (9) . It is generally accepted that this association is explained by a combination of predominantly known risk factors and genetic variants (10) . Although many studies show that risk factors and genetic polymorphisms are significantly associated with myocardial infarction (MI), these studies fail to show how these associations may explain the relationship between PH and the risk of MI (11, 12) . Some previous studies established the independence of PH from common vascular risk factors (7); however, there are few large international studies that can establish the independence of PH from comprehensive measurements of behavioral, biological, psychosocial, and genetic risk factors, as reported in the INTERHEART study.
The aims of this analysis were: 1) to examine whether the risk associated with a score of PH of MI (increasing with the number of affected parents and prematurity of PH) is independent of behavioral, biological, psychosocial, and genetic factors; and 2) to evaluate whether these findings are consistent across sex, age groups, socioeconomic groups, and world regions.
Weinberg equilibrium in each ethnicity. The directions of associations were the same for the majority of the 9 SNPs except for rs6511720, rs7412, and rs4420638 in Nepalese compared with other ethnic groups and rs6511720 in South Asians compared with other ethnic groups. The 9 SNPS were used to calculate the genotype score (the number of risk alleles that an individual possesses). For each of the 9 significant SNPs, 0 points were allocated if no risk alleles were carried by an individual, 1 point if 1 risk allele, and 2 points if 2 risk alleles. We defined an allele as protective according to what was derived as protective in the overall dataset, and we did not use ethnicity-specific scores. Thus, the potential genotype score for each subject ranged from 0 to 18. The mean scores for controls and cases (11.9 and 12.2, respectively) are Ͼ9 because in several cases, the major allele is the risk allele. The methodology that we used to create this genotype score was similar to that described by a number of groups seeking to aggregate genetic information (17) (18) (19) . A total of 3,372 cases and 4,032 controls had complete clinical and genetic data, and the characteristics of those genotyped compared with those not genotyped are included in the Online Appendix. Statistical methods. Multiple logistic regression models were used to quantify the association between the risk of MI and PH of MI. Age, sex, and region were forced in all models. In more complex models, we adjusted for the 9 INTERHEART risk factors. We tested for significant interactions in risks among groups stratified by sex, age of participant (men 55 years and younger and women 65 years and younger), education, and country-specific economic level based on World Bank classifications for the relevant period 1999 to 2003 (20) . We also examined risk stratified by overall cardiovascular risk (calculated using a risk equation derived from the Framingham cohort [21] ), region, and ethnicity. In the subset of participants who were genotyped, the genotype score was included in multiple logistic regression models adjusted for age, sex, region, and the 9 INTERHEART risk factors.
We scored PH as follows: Those with no PH were designated as the reference group. The groups in order of least to most severe were: 1) history of disease in 1 parent 50 years of age or older; 2) disease in 1 parent younger than 50 years of age; 3) disease in both parents 50 years of age or older; 4) disease in 1 parent 50 years of age or older and 1 parent younger than 50 years of age; and 5) disease in both parents younger than 50 years of age. We compared risk factor levels between groups using t tests. All statistical tests were 2 sided. Statistical analyses and graphics were produced with the SAS system version 9.1 (SAS Institute Inc., Cary, North Carolina) and S-Plus version 6 (TIBSO Software Inc., Palo Alto, California).
Results
The distribution of risk factors between cases and controls was reported previously and is summarized in Table 1 (13) . Genotype score was higher in cases compared with controls, and the distribution of this score is reported in (Fig. 1) . There was improvement in model fit with the addition of PH of MI (area under the curve of the model with age, sex, region, and previously described 9 risk factors was 72.9%, and with the addition of PH score, it was 73.2%; p Ͻ 0.0001). The population-attributable risks for a PH of MI (including the different grades of family history) were 12.4% (95% CI: 11.1% to 13.9% after adjusting for age and sex and 10.1% (95% CI: 8.5% to 12.1%) after additionally adjusting for the 9 previously mentioned risk factors.
MATERNAL VERSUS PATERNAL HISTORY OF MI ASSOCIATED
WITH MI. Both maternal and paternal histories of MI were associated with increased MI risk. There were no statistical differences in the risks associated with paternal and maternal history of MI. The OR for MI associated with a paternal history of MI was 1.84 (95% CI: 1.69 to 2.0), and for a maternal history of MI, it was 1.72 (95% CI: 1.56 to 1.91), and they were not significantly different (p ϭ 0.692 for heterogeneity).
CONTRIBUTION OF BEHAVIORAL, BIOLOGICAL, AND PSYCHOSOCIAL FACTORS TO THE ASSOCIATION BETWEEN PH OF MI AND MI.
The OR of MI associated with a PH of MI in either parent was 1.81 after age, sex, and region adjustment and remained unchanged at 1.84 (95% CI: 1.70 to 1.98) after adding behavioral factors, 1.80 (95% CI: 1.64 to 1.97) after adding biological factors, and 1.74 (95% CI: 1.58 to 1.92) after adding psychosocial factors (Table 4 ). These findings suggest that the 9 INTERHEART risk factors only explain to a modest degree the relationship of PH of MI with risk of MI. Values are n, n (%), mean Ϯ SD, %, or median (interquartile range). (Tables 5 and 6 ).
CONTRIBUTION OF GENETIC RISK FACTORS TO ASSOCIATION BETWEEN PH OF MI AND MI RISK.
In the subset of 7,415 with complete genetic and clinical data, the OR associated with a PH of MI was unchanged after adjusting for genotype score (Table 4) . The 9 risk factors in the models are hypertension, diabetes, lipids, waist-to-hip ratio, tobacco use, alcohol use, physical activity, fruit and vegetable intake, and psychosocial risk factors. One parent older, disease in 1 parent, diagnosed when older than 50 years of age. One parent younger, disease in 1 parent, diagnosed when younger than 50 years of age. Two parents older, disease in both parents, diagnosed when older than 50 years of age. Two parents younger, disease in both parents, at least 1 parent diagnosed when younger than 50 years of age. Nil ϭ no parental history; RF ϭ risk factor. Values are odds ratio (95% confidence interval). *Analysis in 3,269 cases and 4,032 controls. All other models include 14,467 controls and 12,149 cases. RF ϭ risk factor; other abbreviations as in Table 3 .
1.81) in controls with a PH of MI, 12.26 (SD ϭ 1.71) in cases with no PH of MI, and 12.14 (SD ϭ 1.68) in cases with a PH of MI.
Discussion
The findings of this study indicate that a PH of MI scored on clinical history is an independent predictor of future MI. The strength of this association is minimally attenuated in models adjusted for age, sex, region, and the 9 IN-TERHEART risk factors. The strength of association between a PH of MI and MI risk is also consistent across geographic regions, age, sex, and socioeconomic subgroups. Differences in crude measures of strength of association (ORs) by world economic region, geographic region, or ethnicity is likely due to risk factor differences across regions as the difference in ORs became nonsignificant after adjusting for the previously mentioned 9 risk factors. Of note is that our findings indicate that the strength of association of parental history of MI and MI risk is similar across different risk groups. Household income is a measure of socioeconomic status within a country, and our results indicate that the risk associated with a PH of MI is similar across groups of differing socioeconomic status within a country. Although we note that previous studies indicate the strength of association of family history with cardiovascular outcomes is greater in low-risk groups (22) , our findings indicate that the associations are not significantly different in groups of low, medium, and high risk (as defined by tertiles of Framingham risk score). Thus, the simple self-report measure of a PH of MI confers a near doubling of MI risk regardless of background risk factors, country, and age or whether the history was from the mother or father.
The reason for the association between a PH of MI is often attributed to a combination of shared risk factors and genetics (12) . Consistent with this hypothesis is the marginal attenuation of the effect of PH on the risk of MI that we observed in this study, which has also been observed in other studies (8, 9) . Consistent with this, other studies find that more detailed information on family history (e.g., considering the number of relatives with coronary disease, degree of relationship, lineage, and age at diagnosis) also adds to risk prediction based on risk factors and a single metric of family history (23, 24) . This raises the question of what PH is a measure of. Are there other factors that are unmeasured that could explain the relationship between PH of MI and risk of MI? Could other factors shared in families be the culprit? For example, early life exposures such as early life stress or early life nutrition may affect early development of atherosclerosis. Such influences may be transgenerational and hence could be causing increased MI risk (25) . Home environmental factors such as exposure Values are odds ratio (95% confidence interval) unless otherwise indicated. PH of MI is self-reported history of MI in mother or father. *Economic development of each country was based on World Bank classifications for the relevant period 1999 to 2003 (http://webworldbank.org). Abbreviations as in Table 3 .
to similar social factors or indoor air pollution may also contribute. Unmeasured genetic factors offer a strong potential explanation for the association between family history and MI. Although we have attempted to examine the contribution of some genetic factors through a genotype score of selected SNPs derived from a large panel of genotype variants known or hypothesized to be related to MI or its risk factors, the list of genotype variants including those from recent genome-wide associations studies related to MI is continually growing (26, 27) . The genotype score here only represents a small percentage of the possible genotype variants, and all but 1 of the SNPs (the one near AGT) used to derive the genotype score are in or near candidate genes that have been implicated in cholesterol metabolism. In this context, our genotype risk score probably had very limited ability to predict risk of MI independent of serum lipids levels. A higher mean genotype score was seen in cases compared with controls. It would be expected that the genotype score would also be higher in those with a PH compared with those without, if these common genotype variants contributed substantially to the relationship between PH and MI risk. However, this was not seen in either cases or controls. As currently known loci still only explain a small proportion of the variance of risk of CHD, the power to detect differences with any genotype score is likely to be very poor. It is very likely that many genetic factors are yet to be identified, and an important supporting argument for this is that twin studies in which shared environmental risk factors are largely accounted for show a clear increase in risk of CHD when the twin has CHD, which is greater among monozygotic twins and thus argues strongly for a genetic component to the explanation for the association observed between family history of MI and MI risk (28) . In our study, individuals with a PH had more adverse levels of most biological risk factors and psychosocial risk factors. However, behavioral risk factors (current and past smoking, fruit and vegetable intake, physical activity, and alcohol consumption) were more favorable in those with a PH. The higher rates of protective behaviors in individuals with a PH could be because individuals in this study may have already changed their lifestyle due to a greater awareness of risk, although information bias may also be a possible explanation. However, the higher levels of modifiable risk factors including lipids, obesity, and diabetes indicate that clinicians should aggressively manage risk factors in those with a PH of CHD (29) . The strengths of this study are its large international coverage in ethnically and socioeconomically diverse populations, the large number of cases of MI, and the comprehensive measurement of risk factors including genetic factors. It thus has wider population implications compared with previous studies and is able to establish the independence of the measure of a PH of MI from a long list of potential confounders. Further research is required to examine whether other determinants, genetic, early life determinants, or common family level influences (e.g., environmental exposures) may explain the relationship between a PH of MI and MI risk. Study limitations. First, only data on PH were collected in this study; data on a history of MI in siblings or other relatives were not collected. Second, we had limited measures of SNPs in a limited number of individuals from our study population. We did not have adequate numbers of individuals to derive our genotype score in a training set separate from the evaluation set, and this raises the potential of overfitting. Third, the case-control design of this study raises the possibility of recall biases influencing our results. Studies have shown that although specificity of self-reported family history is high (90% to 100%), the sensitivity of selfreported family history can be low (50% to 70%) (30) . This inaccuracy could mean our estimations are an underestimation of the risk associated with family history (31) . However, studies examining the risk of MI associated with a validated PH of CVD (MI/angina/stroke/other vascular disease) report results similar to ours (Lloyd-Jones et al. [9] document an age-adjusted OR for the risk of CVD associated with a validated PH of nonpremature CVD of 1.9 (95% CI: 1.2 to 3.0) in men and 1.6 (95% CI: 0.9 to 2.9) in women. In comparison in this study, the age-adjusted OR for risk of MI associated with a PH of MI is 1.88 (95% CI: 1.73 to 2.04) in men and 1.62 (95% CI: 1.41 to 1.86) in women.
We think that differential recall bias is unlikely between cases and controls because a PH of MI is likely to be an enduring memory and recalled equally by cases and controls.
Conclusions
PH of MI is an easy-to-measure risk factor that is significantly associated with a risk of MI independent of the 9 established risk factors as well as some common genetic factors, and this relationship is consistent across all world regions, income, age, and sex groups studied in the INTERHEART study. Further, clinical grading of risk determined by self-reported information from a patient on the age at onset of disease in parents and whether 1 or both parents are affected provides a simple but robust assessment of their risk in this population of patients independent of other measured risk factors. The funding source had no involvement in the study design; in the collection, analysis, and interpretation of data; or the writing of the report.
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